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The complex molecule of the title compound, [Cu 2 Fe 4 (CsH5)4- 
(C 6 H40 2 )4(CH30H) 2 ]-2CH 3 0H, lies about an inversion 
centre and contains two centrosymetrically related Cu 11 atoms 
bridged by four 0:0'-bidentante ferrocenecarboxylate anions, 
leading to a dimeric tetrabridged unit with a paddle-wheel 
geometry. The Cu 11 atom has a distorted square-pyramidal 
coordination environment with four O atoms from four 
ferrocenecarboxylate ligands in basal positions and an O atom 
from a methanol molecule in an apical position. One of the 
two crystallographically independent ferrocenyl groups has a 
staggered conformation, while the other is eclipsed. The 
molecules are connected into a chain along the b axis by O — 
H- ■ O hydrogen bonds involving coordinated and uncoordi- 
nated methanol molecules and the O atom from a ferrocene- 
carboxylate unit. 

Related literature 

For related structures, see: Churchill et at (1985); Cooke et al. 
(2002); Zhang et at (2009). 




Experimental 

Crystal data 

[Cu 2 Fe 4 (C5H5)4(C 6 H40 2 )4- 

(CH 4 0) 2 ]-2CH 4 0 
M r = 1171.40 
Triclinic, PI 
a = 9.5112 (8) A 
b = 9.5884 (9) A 
c = 13.2478 (14) A 
a = 72.867 (7)° 

Data collection 

Stoe IPDS 2T diffractometer 
Absorption correction: integration 
(X-RED; Stoe & Cie, 2002) 
T min = 0.768, r mM = 0.969 

Refinement 

R[F 2 > 2a(F 2 )} = 0.043 

wR(F 2 ) = 0.080 

S = 0.77 

3990 reflections 

306 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



/3 = 79.911 (8)° 
y = 85.399 (7)° 
V= 1136.17 (19) A 3 
Z= 1 

Mo Ka radiation 
ii = 2.23 mm -1 
T = 100 K 

0.13 x 0.10 x 0.01 mm 



8197 measured reflections 
3990 independent reflections 
2199 reflections with / > 2a(I) 
R in , = 0.071 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.38 e A~ 3 

Ap mi „ = -0.38 e A~ 3 
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H- ■ A 


D-A 


D-H-A 


05 


-H50- • 


Off 


0.82 (6) 


1.95 (6) 


2.759 (6) 


170 (7) 


06 


-H60- 


■02" 


0.84 (4) 


2.18 (5) 


2.925 (6) 


147 (7) 



Symmetry codes: (i) — x + 1. — y + 1, — z + 1; (ii) — x + 1, — y, — z + 1. 



Data collection: X-AREA (Stoe & Cie, 2002); cell refinement: X- 
AREA; data reduction: X-RED (Stoe & Cie, 2002); program(s) used 
to solve structure: SIR2004 (Burla et al., 2005); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: WinGX (Farrugia, 1999). 
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Tetrakis(/'2-ferrocenecarboxylato- :0')bis[(methanol-ft:0)copper(II)] methanol disolvate 
B. Artetxe, P. Vitoria, A. Pache, S. Reinoso and J. M. Gutierrez-Zorrilla 

Comment 

The title compound, [C112 {Fe(C5H5)(C5H4COO)}4(CH30H)2].2CH30H, was obtained in an attempted synthesis of a hybrid 
inorganic-metalorganic compound based on Keggin-type polyoxometalates and ferrocenecarboxylate-copper(II) complexes 
in methanol. Isolation of the compound was only observed in the presence of the [PW9O34] 9 " polyanion precursor. 

The title compound (Fig. 1) contains two centrosymmetrically related copper(II) centers bridged by four ferrocene- 
carboxylate anions (L) in a 0,0'-bidentantate fashion, leading to a dimeric tetrabridged [Cu2((i2-£)4] unit. Each copper(II) 
ion has a square-pyramidal coordination environment with four oxygen atoms from four ferrocenecarboxylate ligands and 
an oxygen atom from a methanol molecule in apical position. The paddle-wheel structure of the complex brings the metal 

centers close to each other, being the intradimer Cu-Cu 1 distance 2.5936 (14) A [symmetry code: (i) -x, -y + 1, -z + 1], 
shorter than 2.605 (1) A observed in the corresponding THF complex (Churchill et al, 1985). The two crystallographically 
independent ferrocenyl moieties have different conformations: that containing Fel is staggered, while that involving Fe2 is 
eclipsed. The crystal packing is built up by hydrogen bonding interactions involving coordinated and uncoordinated meth- 
anol molecules (Table 1). This hydrogen bonding network results in chains parallel to the b axis (Fig. 2). The connection 
among them is made by C — H---0 and ji-ji type weak interactions. 

Experimental 

CuCl2.2H 2 0 (34 mg, 0.2 mmol), ferrocenecarboxylic acid (46 mg, 0.2 mmol) and NagfPWgC^lJF^O (244 mg, 0. 1 mmol) 
were refluxed for 2 h in methanol (20 ml). Dark green prismatic single crystals were obtained by slow evaporation of the 
resulting yellow solution after two days. 

Refinement 

H atoms bonded to O atoms were located in a Fourier difference map and refined with distance restraint of O — H = 0.84 (2) 
A and with C/i S0 (H) = 1.5(7 e q(0). H atoms attached to C atoms were positioned geometrically (C — H = 0.95 or 0.98 A) 
and refined using a riding, with (7j S0 (H) = 1.2(7 eq (C) or 1.5J7 eq (methyl C). A rotating-group model was applied for the 
methyl groups. 
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Fig. 1 . Molecular structure of (I) showing atom-labelling and 50% probability displacement 
ellipsoids [symmetry code: (i) -x, -y + 1, -z + 1]. 



Fig. 2. Crystal packing of (I) viewed down the c axis, showing a chain of complexes connec- 
ted via O — H-0 hydrogen bonds (dashed lines). H atoms not involved in hydrogen bonding 
have been omitted for clarity. 



Tetrakis(u-ferrocenecarboxylato-K 0:0')bis[(methanol- KO)copper(ll)] methanol disolvate 



Crystal data 

[Cu 2 Fe4(C5H 5 )4(C 6 H402)4(CH40)2]-2CH 4 0 

M r = 1171.40 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.5112(8)A 

b = 9.5884 (9) A 

c= 13.2478 (14) A 

a = 72.867 (7)° 

(3 = 79.911 (8)° 

y = 85.399 (7)° 

V= 1136.17(19) A 3 



-3 



Z= 1 

F(000) = 598 
D x =1.712 Mgm" 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4954 reflections 
6 = 2.2-25.5° 

(i = 2.23 mm 1 
T= 100 K 
Plate, dark green 
0.13 x 0.10 x 0.01 mm 



Data collection 



Stoe IPDS 2T 
diffractometer 

Radiation source: sealed X-ray tube, 12 x 0.4 mm 
long-fine focus 
plane graphite 

Detector resolution: 6.67 pixels mm" 1 
rotation method scans 
Absorption correction: integration 
(X-RED; Stoe & Cie, 2002) 

T min = 0.768, J max = 0.969 
8197 measured reflections 



3990 independent reflections 

2199 reflections with / > 2a(7) 
i? int = 0.071 

A = A =9 9° 
u max ■> u mm 

/i = i i >i i 

fc = -ll->-10 
/ = -15->15 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.043 

wR{F 2 ) = 0.080 

5 = 0.77 

3990 reflections 
306 parameters 
2 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H atoms treated by a mixture of independent and 
constrained refinement 

w=\I[q 2 (F 2 ) + {0.020\P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.38 e A~ 3 
Ap mi „ = -0.38eA" 3 



Special details 

Experimental. IR (cm" 1 ): 1620(w), 1566(5), 1474(.s), 1389(s), 1358(m), 1188(w), 1103(w), 1026(w), 1003(w), 918(w), 818(m), 
779(m), 532(m), 478(m). 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Is. planes) are estimated using the full covariance matrix. The 

cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 

s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 

used for estimating s.u.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Cul 


0.06133 (7) 


0.61943 (7) 


0.49254 (6) 


0.02993 (19) 


Fel 


0.45442 (9) 


0.32189(9) 


0.27785 (7) 


0.0333 (2) 


Fe2 


-0.18777 (9) 


0.77725 (9) 


0.12862 (7) 


0.0356 (2) 


Ol 


0.2339 (4) 


0.5013 (4) 


0.4676 (3) 


0.0356 (9) 


02 


0.1308(4) 


0.2923 (4) 


0.4812 (3) 


0.0340 (9) 


03 


0.0423 (4) 


0.6656 (4) 


0.3399 (3) 


0.0342 (9) 


04 


-0.0609 (4) 


0.4573 (4) 


0.3524 (3) 


0.0344 (9) 


CI 


0.2391 (6) 


0.3706 (6) 


0.4635 (4) 


0.0328 (13) 


C2 


0.3813 (6) 


0.3091 (6) 


0.4320 (4) 


0.0314(13) 


C3 


0.4126 (6) 


0.1672 (6) 


0.4197 (4) 


0.0337 (13) 


H3 


0.3465 


0.0914 


0.4363 


0.040* 


C4 


0.5609 (6) 


0.1587 (6) 


0.3779 (4) 


0.0363 (14) 


H4 


0.6114 


0.0762 


0.3619 


0.044* 


C5 


0.6193 (6) 


0.2954 (6) 


0.3648 (4) 


0.0377 (14) 


H5 


0.7161 


0.3205 


0.3376 


0.045* 


C6 


0.5097 (6) 


0.3889 (6) 


0.3988 (4) 


0.0344 (14) 
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Atomic displacement parameters (A 2 ) 

u n u 22 c/ 33 u 12 u u u 2i 

Cul 0.0298(4) 0.0248(4) 0.0363 (4) 0.0026(3) -0.0068 (3) -0.0105 (3) 



sup-4 



supplementary materials 



rel 


U.U3 J3 yj ) 


A AQAT (Z\ 

U.U3UZ (J ) 


A PilAQ f<\\ 
U.U34V yj ) 


A A AT C ( A\ 
U.UU3 J ^4 ) 


A pipifi.1 (A\ 
U.UUO / ^4 ) 


A ai n,/: sa\ 
U.U1UO y^l) 


rez 


pi Piiiz fz\ 
U.U3 Id yp ) 


U.U3ZO p J 


pi Piinn ( z.\ 
U.UJ //{•>) 


Pi PiPiI Q (A \ 

U.UUJ5 (4 ) 


Pi PiPiQI fA\ 

— U.UU53 (4J 


Pi Pi] 1 O fA\ 

— U.U1 1Z (4 ) 


A1 


U.U33 yl) 


U.U3Z yl) 


Pi PiA Z f1\ 

U.U45 y3 ) 


Pi (\(Y) 1 /1 1\ 

U.UUZ1 (1 1) 


Pi PiPiIA (\ Si\ 

— U.UU/o yio) 


Pi Pi] A A ( ] Ci\ 

— U.U140 yly) 


<JZ 


c\ Pii^ fT\ 
U.U3 J ^Z J 


A ATC /OX 

U.UZj yl) 


Pi PiA 1 /0"\ 

U.U41 yZ ) 


Pi PiPiPiA (\ 1\ 

U.UUUo yl / ) 


Pi PiPiIA (\ Q\ 

U.UUZ4 yio) 


Pi Pi] PiI (] Q\ 

U.U1UZ yio) 


U3 


U.U30 (Z J 


pt Pii 1 /">\ 
U.U3 1 (ZJ 


Pi (\1H /">\ 

U.U3 / yl) 


Pt PlPill n o\ 

— U.UU3 / (loj 


Pi PiPiIPi (\ 0\ 

—U.UU /U yio) 


Pi AAfl'! ( 1 fl\ 

— U.UUV3 yly) 


<J4 


A Pi A") /O \ 

U.U4Z (Z J 


U.UZ / (ZJ 


Pi PiIA /">\ 

U.U34 yl ) 


Pi PiPilt. M Q\ 

— U.UUZo yio) 


Pi PiPiCiPi (\ 0\ 

— u.uuyu yio) 


Pi P1P16.Z f]Q\ 

— U.UUoj (loj 




U.U3 J y3 ) 


A ATI 

U.U31 


Pi PiI 1 


U.UU1 y3 ) 


Pi PiPiI f1\ 

U.UU / yj ) 


a aa/: /a\ 
U.UUO y3 ) 


CZ 


U.U34 y3 ) 


a n.'jA /a\ 
U.UZ4 (3 J 


Pi PiIQ fT\ 

U.U3o y3 ) 


Pi PiPiI 
U.UUZ yZ) 


A A1 1 /"3\ 

U.U1 1 (3 ) 


A AI 1 

U.U1 1 y3 ) 


f • 1 

Ld 


U.U43 {3 ) 


Pi m 1 

U.UZ1 'o) 


Pi PiI Q f1\ 

\j.\Jjo yj ) 


Pi PiPiI f1\ 

U.UUZ yj ) 


Pi PiPiA f1\ 

—U.UUo (3 ) 


Pi Pi] Pi f1\ 

— U.U1U {3 ) 


C4 


U.U3 J (3 J 


A AT *7 

U.U3 / 


Pi H17 f1\ 


Pi PiPi^. fX\ 

U.UUj y3 ) 


Pi PiPiI f1\ 

U.UUZ y3 ) 


a nil /a\ 
U.U13 y3 ) 


Co 


U.U30 (3 ) 


A A/1 C /A\ 

U.U4j (4J 


Pi Pill l"X\ 
y3 ) 


A AA 1 /T\ 

U.UU1 y3 ) 


U.UUZ y3 ) 


Pi Pi] A 1"X\ 
U.U14 y3 ) 


Co 


U.U3o (3 J 


Pi PilPt 


Pi PiI ^ f1\ 

j yj ) 


U.UUZ yj ) 


Pi PiPit. f1\ 

—U.UUo {3 ) 


A AI 1 /"3\ 

— U.U1 1 {3 ) 


C/ 


a A/i ") SA\ 

U.U4Z (4 ) 


Pi Pi&Pi fA\ 

U.UoU {h) 


Pi PiA 1 (A \ 

U.U43 (4 ) 


Pi PiPiI 

— U.UU / yj) 


A All /"3\ 

— U.U1 1 {3 ) 


Pi Pi] Z f1\ 
— U.U13 {3 ) 


to 


A AO 1 

U.Uol (p ) 


Pi PiA 1 (A\ 

U.U4Z (4J 


Pi PiA 1 (A \ 
U.U43 (4 ) 


Pi PiM. (A\ 

U.UU (4 ) 


Pi PiIPi (A\ 

U.UZU (4 ) 


Pi PiPiQ fX\ 

u.uuy y3 ) 


Cy 


a aca //i\ 
U.UjU (4 ) 


Pi fK^ (A\ 
U.Ujj (4J 


Pi PiI^ iA\ 
U.U3 D (4 ) 


Pi PiPiQ 1"X\ 

U.UUo y3 ) 


Pi PiPiQ fT\ 

u.uuy y3 ) 


Pi Pi] 1 fX\ 
U.U1Z {3 ) 


i a 
C1U 


Pi Pi A1 SA\ 

U.U4 / (4 J 


Pi PiIA fA\ 

U.U34 {h) 


Pi PiA") fA\ 

U.U4Z (4 ) 


Pi PiPiZ f1\ 

— U.UU j yj ) 


pi nn /i\ 
U.U 1 Z {3 ) 


Pi A.AO /1\ 

—U.UUZ {3 ) 


i i 
CI 1 


U.UJ3 (4) 


Pi PiAPi ( A\ 

U.U4U (4) 


Pi flic (A \ 

U.UJo (4 ) 


Pi PiI A 
U.U14 {5 ) 


A All 

— U.U1 1 {3 ) 


Pi Pi] Pi f1\ 
— U.U1U {3 ) 


C1Z 


U.UZo {3 ) 


Pi AIT (1\ 

U.U3Z (3 ) 


Pi PiIA. f1\ 

U.Ujo yj ) 


Pi PiPiI f1\ 

U.UU3 yj) 


Pi PiPiI f1\ 

— U.UU3 {3 ) 


A All /"3\ 

— U.U13 {3 ) 


Cl 3 


U.U3Z (3 J 


Pi PiIA 1"X\ 


Pi Pi^Pi (A\ 
U.UjU (4 ) 


Pi PiPi^ l"X\ 

U.UUj y3 ) 


Pi PiPiQ l"X\ 
U.UUo y3 ) 


A AI A Cl\ 

u.uiy y3 ) 


C14 


a f\/\ c (A \ 
U.U4J (4) 


Pi Pill 

U.U3Z y3 ) 


Pi PiA Z fA \ 

U.U4j (4 ) 


Pi PiPiA 

U.UU4 yj ) 


Pi PiPit. 

—U.UUo {3 ) 


Pi Pi] 1 

— U.U1 1 y3) 


Cl J 


a acq /7i\ 
U.U J 3 (4 J 


Pi Pill (A\ 


Pi Pill (A\ 

U.U3 / (4 J 


a nil /a\ 
U.UU yj ) 


Pi Pi] A /"l^ 

U.U14 y3 ) 


A AI 1 /"3\ 

U.U1 1 y3 ) 


Clo 


U.U44 (4 ) 


A A/1 1 //1\ 

U.U41 (4J 


A AT Q //1\ 

U.U3v (4 ) 


Pi PiPiQ fX\ 

u.uuy yj ) 


Pi PiPiQ fT\ 

U.UUo y3 ) 


Pi flfK l"X\ 

U.UUj y3 ) 


Cl / 


U.U30 {3 ) 


A AT /l (X\ 


Pi Pi A 1 (A \ 
U.U4Z (4 ) 


Pi PlP^^ f1\ 

U.UU1 y3) 


Pi PiPiA 

U.UUO y3 ) 


Pi PiPiQ fT\ 

u.uuy y3 ) 


Clo 


U.U43 ^4 ) 


a p\ a Pi (A \ 
U.U4U (4J 


Pi Pill (A\ 
\).\)J 1 (4 ) 


Pi PiPiI f1\ 
U.UUZ yj ) 


Pi Pi 1 Pi 

U.U1U y3 ) 


Pi PiPiQ fT\ 

u.uuy y3 ) 


1 Q 

CIV 


U.U35 (3 J 


A ATT /"3\ 

y3 ) 


Pi PiAQ (A\ 
U.U4y (4 ) 


Pi PiPiI f1\ 
U.UU / yj) 


Pi PiPi^. f1\ 
U.UUD {3 ) 


A AI c /n\ 

U.U 1 j y3 ) 


czu 


f\ C\A A (A\ 
U.U44 ^4 ) 


Pi PiA^ (A\ 
U.U4j (4J 


A A/1 A /A \ 

U.U4U (4 ) 


Pi PiPiA f1\ 
U.UU4 yj ) 


Pi Pi] ] 

U.U1 1 y3 ) 


A AI O /T\ 

U.Ulo y3 ) 


Czl 


A A A A /T \ 

0.040 (3) 


A AT A /1\ 

0.034 (3) 


A A A 1 (A \ 

0.04 / (4) 


A AA£ 

U.UUo (3) 


A AA/C /T\ 

-U.UUo (3) 


A A 1 A /T \ 

0.0 1 0 (3) 


C22 


0.048 (4) 


0.045 (4) 


0.052 (4) 


0.004 (3) 


0.001 (3) 


-0.024 (3) 


05 


0.036 (2) 


0.034 (2) 


0.040 (3) 


-0.0005 (19) 


-0.0003 (19) 


-0.0169(19) 


C23 


0.043 (4) 


0.043 (4) 


0.043 (4) 


-0.003 (3) 


-0.002 (3) 


-0.011 (3) 


06 


0.042 (2) 


0.035 (2) 


0.055 (3) 


0.009 (2) 


-0.007 (2) 


-0.018(2) 


C24 


0.044 (4) 


0.039 (3) 


0.050 (4) 


0.006 (3) 


-0.006 (3) 


-0.012 (3) 



Geometric parameters (A, °) 



Cul— Ol 


1.954(4) 


C6— H6 


0.9500 


Oil— 04 1 


1.966 (4) 


C7— C8 


1.400 (9) 


Cul— 02 1 


1.970 (4) 


C7— Cll 


1.400(8) 


Cul— 03 


1.977 (4) 


C7— H7 


0.9500 


Cul— 05 


2.154 (4) 


C8— C9 


1.437 (9) 


Cul— Cul' 


2.5936 (14) 


C8— H8 


0.9500 


Fel— C2 


2.009 (6) 


C9— C10 


1.395 (9) 


Fel— C3 


2.020 (6) 


C9— H9 


0.9500 


Fel— C8 


2.035 (7) 


C10— Cll 


1.415 (8) 


Fel— C9 


2.040 (6) 


C10— H10 


0.9500 


Fel— Cll 


2.044 (6) 


Cll— Hll 


0.9500 


Fel— C7 


2.049 (6) 


C12— C13 


1.493 (8) 


Fel— C6 


2.052 (6) 


C13— C14 


1.428 (8) 



sup-5 



supplementary materials 



C 1 /~1 A 

rel — C4 


Z.U56 (0) 


C13 — CI / 


1 A A C fQ\ 

1.445 (6) 


rel — C5 


1 a/: 1 i £\ 
Z.U61 (0) 


/~i i /i /~iic 
C14 — C15 


1 /1A/1 /0\ 

1.4U4 (6) 


C 1 All A 

rel — Clu 


z.Uov (0) 


P 1 A XJ 1 A 

C14 — H14 


A A C A A 

U.9500 


Fez — Cl 3 


Z.U36 (0) 


p 1 a 
C 1 5 — C 1 6 


1 1 AA /0\ 

1.399 (6) 


TT~"> p 1 /: 

Fez — C16 


Z.U43 (0) 


C 1 5 — ri 1 j 


A ACAA 

U.95UU 


Fez — Czu 


T A/1 1 { £\ 

Z.U43 (0) 


p 1 zc rn 
C 1 6 — C 1 / 


1 A 1 C ZO\ 

1.415 (6) 


rez — cio 


0 a/1/1 
Z.U44 (0 j 


pi /; tt i /; 
C 1 6 — rl 1 0 


A QCAA 


Fez — C19 


1 A/1 C 1 £\ 

Z.U45 (0) 


p 1 *7 u 1 n 
C 1 / — rl 1 / 


A A C A A 

U.9DUU 


TT„"> P 1 /I 

Fez — C14 


1 A/i c //:\ 
Z.U45 (0) 


C18 — C19 


1 1AO fQ\ 

1.396 (5) 


Cpl P 1 7 

rez — v^i / 


Z.U^O ) 


\^ 1 o V^ZZ 


1 A \ A (Q\ 


p e 2 — C15 


2.052 (6) 


C18 — H18 


0.9500 


p e 2 — C21 


2.053 (6) 


C19 — C20 


1.413 (8) 


Fe2— C22 


2.053 (6) 


C19— H19 


0.9500 


Ol— CI 


1.267 (6) 


C20— C21 


1.444 (8) 


02— CI 


1.271 (6) 


C20— H20 


0.9500 


02 — Cul' 


1.970 (4) 


C21— C22 


1.444 (9) 


03 — C12 


1.253 (6) 


C21 — H21 


0.9500 


OA — C12 


1.258 (6) 


C22 — H22 


0.9500 


p./i p,, i 1 
04 Cul 


1 966 <A~\ 


O'S T?3 


1 44(1 (1\ 


CI — Cz 


1 A "7/1 ^"7\ 

1.4/4 ( /) 


Uj — rlDU 


A Q7 d\ 

U.6Z (Z ) 


P"> /"'I 

Cz — C3 


i /i i n /"7\ 
1.41V ( /) 


pti mi a 
Cz3 — Hz 3 A 


A AOAA 
U.96UU 


p"> /"i/; 
Cz — Co 


1.4Z6 ( /) 


poi mir> 
Cz3 — riZ3rs 


A AOAA 
U.96UU 


C3 C4 


1.428 (7) 


C23 H23C 


0.9800 


C3— H3 


0.9500 


06— C24 


1.414 (7) 


C4— C5 


1.416 (8) 


06— H60 


0.84 (2) 


C4— H4 


0.9500 


C24— H24A 


0.9800 


C5— C6 


1.420 (7) 


C24— H24B 


0.9800 


C5— H5 


0.9500 


C24— H24C 


0.9800 


Ol— Cul— 04 1 


89.58(16) 


C3— C4— Fel 


68.1 (3) 


Ol— Cul— 02 1 


169.83 (16) 


C5— C4— H4 


126.2 


04 1 — Cul— 02 1 


90.21 (16) 


C3— C4— H4 


126.2 


Ol— Cul— 03 


89.92(16) 


Fel— C4— H4 


127.2 


04 1 — Cul— 03 


169.82 (16) 


C4— C5— C6 


108.9 (5) 


02 1 — Cul— 03 


88.50(15) 


C4— C5— Fel 


69.7 (3) 


Ol— Cul— 05 


94.70 (15) 


C6— C5— Fel 


69.5 (3) 


04 1 — Cul— 05 


102.23 (16) 


C4— C5— H5 


125.5 


02 1 — Cul— 05 


95.28 (15) 


C6— C5— H5 


125.5 


03— Cul— 05 


87.94 (16) 


Fel— C5— H5 


126.9 


Ol— Cul— Cul 1 


82.06 (11) 


C5— C6— C2 


107.2 (5) 


04 1 — Cul— Cul 1 


86.42 (11) 


C5— C6— Fel 


70.1 (3) 


02 1 — Cul— Cul 1 


87.77 (11) 


C2— C6— Fel 


67.8 (3) 


03— Cul— Cul 1 


83.44 (11) 


C5— C6— H6 


126.4 


05— Cul— Cul 1 


170.78 (12) 


C2— C6— H6 


126.4 


C2— Fel— C3 


41.3 (2) 


Fel— C6— H6 


127.2 


C2— Fel— C8 


132.1 (3) 


C8— C7— Cll 


107.0 (6) 


C3— Fel— C8 


108.0 (2) 


C8— C7— Fel 


69.4 (4) 



sup-6 



supplementary materials 



PO T7„i pn 

CZ — rel — Cy 


1 /Z.o (3) 


C3 — rel — CV 


111 o PT\ 

13Z.0 \l) 


PQ C-1 Pn 

Co — rel — cy 


/I 1 1 (1 \ 

41.3 (3) 


f T7 a 1 P 1 1 

CZ — r e 1 — C 1 1 


1 i c 1 /")\ 

llj.l (2) 


CI T7„ 1 fl 1 

C3 — rel — Cll 


14j.Z (Z) 


po TTc 1 n i 

Co — rel — Cll 


0 /.U (3 ) 


cy — rel — Cll 


0 / .4 (3 J 


PO "C-,1 p-7 

CZ — rel — C/ 


i no a 
lUo.4 (Z) 


pi C-1 P^ 

C3 — rel — C / 


1111 
113.3 (Zj 


PQ T7,t 1 P"7 

Co — rel — C/ 


Ar\ 1 /i\ 
4U.1 (3) 


CV — rel — C/ 


£Q C /1\ 

oo. j (3) 


pi i rr , 4 i p~7 

CI 1 — rel — C/ 


An n /">\ 
4U.U (Z) 


CZ — rel — Co 


/ii 1 /">\ 
41.1 (2) 


C3 — rel — Co 


oy.i (Z) 


PC T7 a 1 P/T 

Co — rel — Co 


1 "70 1 

1 /Z.3 (3 J 


nn TT„1 P/i 

cy — rel — Co 


1 /I C O 

14j.o (Z) 


Cll — rel — Co 


iii i /">\ 
111.1 (Z) 


C/ — rel — Co 


HI 1 PT\ 

133. / (Z) 


CZ — rel — C4 


^:o n /">\ 
00. y (Z) 


pi 1 P /I 

C3 — rel — C4 


a\ n 
41 .U (Z) 


PC TTcl P/1 

Co — r e l — C4 


11/1 ^ /i\ 
1 14. J (3 j 


PQ T7 a 1 P/1 

cy — r e i — C4 


iuy.3 {Z) 


pi i rr x i p a 

CI 1 — rel — C4 


1 1 5.1 (Z) 


pn 1 p /i 

C/ — rel — C4 


1/1/1 Q P'">\ 

144.0 (Z) 


p/: "C — 1 p /] 

Co — rel — C4 


£0 /I /">\ 

00.4 (Z) 


PO T7„i PC 

CZ — rel — Cj 


£0 C /">\ 

00. J (Z) 


pi "C — 1 PC 

C3 — rel — CD 


£0 /I /")\ 

00.4 (Zj 


PO I?,, 1 PC 

Co — rel — Cj 


1 /I £L 1 /1\ 

140.1 (3) 


pn I?,, i pc 
Cy — rel — Cj 


I 1 c o 

II J. Z (Z) 


pi 1 T7 a 1 PC 

Cl 1 — rel — Cj 


i 1 C A CX\ 

13 J. 4 {3 ) 


p-7 T7„i PC 

C/ — rel — Cj 


1 "71 £ /I \ 

1 /3.0 (3) 


p/1 T7„i PC 

Co — rel — Cj 


ACt A /")\ 

4U.4 (Z) 


P/l C-1 PC 

C4 — rel — Cj 


/in i /">\ 
4U.Z (ZJ 


CZ — r e 1 — C 1 u 


1/1/^/1 

140.4 (Z j 


pi T7 „ i pin 

C3 — rel — CIU 


1 /Z.Z (Z) 


po T7 c 1 pin 

Co — rel — ClU 


0 /.0 (3 J 


pn T7 a i pin 

cy — rei — ciu 


39.7 (2) 


pi 1 T7 a 1 P 1 A 

Cl l — rel — Ciu 


4U.2 (2 j 


p-7 T7 „ 1 Pip, 

C/ — rel — CIU 


o /.y \i) 


{ • A T7 „ 1 Pip, 

Co — rel — CIU 


11 0.2 (2) 


P/i c-1 pin 

C4 — rel — CIU 


133.V (2) 


PC T7 _ i pin 

Cj — rel — CIU 


1111 

111.3 (2) 


pi i rr , « "> p i r 

C13 — reZ — Clo 


06. V (2) 


P1 1 I - . « ~> pin 

C13 — rez — CzU 


156.2 (2) 


C16— Fe2— C20 


124.2 (2) 


C13— Fe2— C18 


107.8 (2) 


C16— Fe2— C18 


157.8 (3) 


C20— Fe2— C18 


67.7 (2) 


C13— Fe2— C19 


121.1 (2) 



Cll — C/ — rel 


/;n O P/1\ 

oy.o (4) 


/^o n in 
C8 — C / — rl / 


1 T£ C 

IZo.j 


n 1 r^~j TT-7 

Cll — C/ — HI 


1 '">/C C 

IZo.j 


rel — C/ — H/ 


1 O 

IZj.o 


f^n f^Q f^d 

c / — C8 — cy 


1 no c f£\ 
lUo.J (0) 


f^H f~*Q 

C / — Co — r e 1 


/U.J (4J 


r^o T7 a 1 

cy — Co — r e i 


oy.o (4 j 


r^n /->Q TiQ 

C / — Co — Ho 


IZj. / 


r^n r^Q uo 
Cy — C8 — Ho 


1 TC *7 

IZj. / 


r~ 1 po TTO 

rel — C8 — Ho 


1 TC O 

IZj.o 


pin pn po 

ciu — cy — Co 


1 n*7 c 
1U/.J (0) 


p 1 r\ pn c i 

C 1 u — cy — r e 1 


"7 1 1 fA\ 

71.3 (4) 


po pn c . . i 

C8 — cy — r e 1 


/^n 1 f a\ 
oy.l (4) 


p 1 n pn un 

ciu — cy — Hy 


1 T/i 1 

lZo.3 


po pn un 

Co — cy — Hy 


1 T/i 1 

lZo.3 


r~ i pn un 

rei — cy — Hy 


1 o/i n 
lZ4.y 


pn p 1 n p 1 1 
cy — C 1 U — C 1 1 


1 f\n a f£\ 
1U/.4 (0) 


pn p 1 n 1 

cy — CIU — rel 


oy.U (3) 


p 1 1 pin T7a1 

cii — ciu — rei 


/TO Q P1\ 

oo. y {3 ) 


pn pin ui/i 
cy — C 1 U — H 1 U 


1 T/C 1 

lZo.3 


P11 pin ui/i 
Cll — CIU — H1U 


1 T/i 1 

lZo.3 


f~i pin um 
rel — CIU — H1U 


1 n i 
1Z/.3 


p"7 P11 pin 

C7 — Cll — CIU 


1 r\n /z P/c^ 
1U9.0 (6) 


P"7 P 1 1 C , , 1 

C / — Cll — rel 


*7n fA\ 
10. Z (4) 


p 1 n p 1 1 T?~1 

CIU — Cll — rel 


*7n n n\ 
/U.y (3) 


P"7 P11 TJI 1 

C / — Cll — HI 1 


IZj.Z 


pin P11 ni 1 

CIU — Cll — HI 1 


IZj.Z 


r - 1 P11 TJI 1 

rel — Cll — Hi 1 


1 1 

IZj. 3 


p.i pn r\A 
(Ji — C12 — U4 


1 o /c\ 
IZo.o (j) 


r\i P1 0 P1 *J 

Ui — C 1 2 — C 1 i 


I 1 C "7 \ 

I I j. / yp) 


p./i pn pi i 
U4 — C 1 2 — C 1 3 


1 1 1 c /c\ 

117.5 (5) 


pi/i pii pn 
C14 — Clo — Cl / 


1 n/; a 
1U6.4 (5) 


pii pn pn 
C14 — Clo — C12 


1 in a fz\ 
ill A (5) 


p 1 -7 p 1 1 pn 
Cl / — Clo — C12 


lib. 1 p j 


p 1 A p 1 1 r~ ,.~1 

C 14 — C 1 i — r e2 


/:n o n\ 
6y.O (0) 


P 1 "7 P 1 1 C . ,~1 

C 1 / — C 1 i — r e2 


/;n /; n\ 
6y.6 (i) 


pn p 1 1 [-,,-) 
C 1 2 — C 1 i — r e2 


ii/i /i //i \ 
1 24 .4 (4) 


pic pi/i pn 
C15 — C14 — Clo 


1 no "7 
lUo. / (5) 


PK P 1 A 

C 1 5 — C 1 4 — r e2 


"7n t /i\ 
/U.2 (i) 


p 1 1 p i a rr ,,~t 
C 1 o — C 1 4 — r e2 


/:n 1 
6y.2 (i) 


pk pn un 
C15 — C14 — H14 


1 TC "7 

125. / 


pn pn un 
Clo — C14 — H14 


125. / 


[-,,-) p 1 A TJI 1 

r e2 — C 1 4 — H 1 4 


126.5 


C16— C15— C14 


108.7 (6) 


C16— C15— Fe2 


69.7 (3) 


C14— C15— Fe2 


69.7 (3) 


C16— C15— H15 


125.7 


C14— C15— H15 


125.7 


Fe2— C15— HI 5 


126.5 



sup-7 



supplementary materials 



z" 1 1 £. c«i nn 

Clo — reZ — Ciy 


loU. / (3) 


non i7„i rm 

CZU — rez — Ciy 


AC\ A 

4U.4 (Z) 


pio TT »1 pin 

Clo — reZ — Ciy 


/I A A 

4U.U (Z) 


pi 1 T7.1 P 1 1 /) 

C13 — reZ — C14 


4U.y (Z) 


pi/: r , « 1 p i /i 

Clo — reZ — CI 4 


0/. / (Z) 


PIH IT,-.') P 1 /I 

CZU — reZ — CI 4 


1Z1.1 (Z) 


pi o rr pi /i 

Clo — reZ — C14 


lie 1 /">\ 

IZj.1 (Z) 


Pin c.i pi i a 
Ciy — reZ — C14 


1 AQ A 

lUo.U (Z) 


pi i c.i p i -7 
CI 3 — reZ — CI / 


41 .4 (Z) 


pi/ T7„l pin 

Clo — rez — CI / 


4U.D (Z) 


pop, tt„i pn 

CZU — reZ — Cl / 


loU.O (Z) 


pi o r , « i pn 
Clo — reZ — Cl / 


1ZZ.D yl) 


Pin ir, » i pit 

ciy — rez — ci / 


1 j I A yl) 


pi i a rr , « i p i *7 

C14 — reZ — Cl / 


00. 4 (Z) 


PI 1 T7 a T ( ' 1 C 

C13 — rez — ci j 


OO.J (Z) 


p 1 r P 1 C 

Clo — reZ — Cl J 


A A A f)\ 

4U.U (Z) 


P1A T7„l PK 

CZU — r eZ — C 1 J 


1U /.O (Z) 


pio rr x ~> pic 
Clo — reZ — ClD 


1 £ 1 1 

lol.l (ZJ 


pi Q T7a'> p 1 C 

ciy — rez — ci j 


1Z4.0 (3 ) 


pi i a e\,i p 1 c 

C14 — reZ — Cl j 


Af\ 1 /")\ 

4U.1 (Z) 


P 1 -7 17 .") p| f 

Cl / — reZ — CO 


0 /.O (Z J 


PI 1 T7„l P1 1 

C13 — reZ — CZ1 


1 /^pi n /'o\ 

lou.y (Z) 


pi /Z T7a') PO 1 

Clu — reZ — CZ1 


1U /.3 \1 ) 


Pin rr _ i pi i 
CZU — r eZ — CZ 1 


41.3 (2) 


pi o r , « i pi i 
Clo — reZ — CZ1 


/O 1 /1\ 

oo. Z (Z) 


Pin c,i pi i 

ciy — reZ — CZ1 


oo. / (Z) 


p i /i rr , . i pi i 
C14 — reZ — CZ1 


IjO.j (Z) 


pn r , « i pi i 
Cl / — reZ — CZ1 


1Z3. / (Z) 


pi r r , « i pi i 
Cl J — reZ — CZ1 


1Z1 .4 (Z) 


C 1 3 — r eZ — CZZ 


1Z3.0 (3 J 


p 1 r T7..1 POO 

ClO — reZ — CZZ 


izi .y (Z) 


pi A T7,-.l r'Tl 

CZU — reZ — CZZ 


oy.u (3) 


p i o rr _ i poo 
Clo — reZ — CZZ 


Af\ A /">\ 

4U.4 (Z) 


no fp? p?9 

v 1 y — r CZ, v^Z,Z, 


UO.J ^Z, f 


C14 — Fe2 — C22 


161.1 (3) 


C17— Fe2— C22 


107.4 (3) 


C15— Fe2— C22 


157.2 (2) 


C21— Fe2— C22 


41.2(2) 


Cl— Ol— Cul 


126.4 (4) 


Cl — 02 — Cul' 


118.9(3) 


C12 — 03 — Cul 


123.1 (3) 


C 1 2 — U4 CU 1 




Ol — Cl — (J2 


124.7 (5) 


Ol— Cl— C2 


116.6(5) 


02— Cl— C2 


118.7(5) 


C3— C2— C6 


108.4 (5) 


C3— C2— Cl 


126.6 (5) 


C6— C2— Cl 


124.8 (5) 



Pl r pi/: pn 

C 1 J — C 1 0 — C 1 / 


1 PiO £ 

lUo.O {j) 


pi r / • i / rr , 

C 1 j — C 1 o — r eZ 


/U.4 (3) 


P i -7 / • i / rr _o 

C I / — C I o — r eZ 


/a n /ia 

oy.y (3) 


pic p | / II]/ 

C 1 J — C 1 0 — rl 1 0 


1ZD. / 


P 1 -7 / • 1 / I I 1 / 

C 1 / — C 1 o — H 1 0 


1 TC *7 
1ZD. / 


rr , pi / 1 1 1 / 
r eZ — C 1 0 — H 1 0 


1 1C 

1ZD.0 


pi/: pn pn 
ClO — Cl / — C13 


1U/.0 (0) 


P | / pn TTal 

CIO — Cl / — reZ 


oy.o (4 j 


pn pn rr.,1 
C 1 3 — C 1 / — r eZ 


/n n 

oy.U (3) 


pi/: pn 1 1 i "7 

ClO — Cl / — rll / 


1 1£ i 
1Z0.Z 


pn pn it 1 n 
C13 — Cl / — rll / 


1 1£ 1 

1Z0.Z 


rr , x ~> pi 7 ni7 
reZ — Cl / — rll / 


1 1£ o 

IZO.o 


Pin pio p 1 1 

c i y — c i o — czz 


luy.y (0) 


PIO P| O T7 al 

c i y — c i o — r ez 


/U. 1 (,3J 


P11 p i o T7 a '> 

CZZ — C 1 o — r ez 


7A 1 /7\ 

70.1 (3) 


Pin pio 1 1 1 o 
C 1 y — C 1 o — rl 1 o 


1 *iZ 1 

125.1 


PH pio TJ 1 O 

CZZ — C 1 o — rl 1 o 


125.1 


17^1 PIO TJ 1 O 

r eZ — C 1 o — rl 1 o 


126.3 


pio pm pip, 

c i o — c i y — czu 


105.2 (5) 


pio p 1 n rr , «"> 

c i o — c i y — r eZ 


/0.0 (3) 


PIPi pm r 

czu — c i y — r ez 


T /"3\ 

oy. / (i) 


PI o p 1 Q T-J1 Q 

cio — ciy — riiy 


1 0^ Q 


pip, pm Tj 1 n 

czu — c i y — hi i y 


125.V 


rr , pm n i n 

r ez — c i y — rl i y 


126.0 


Pin pip, pii 

c i y — czu — cz i 


105.1 (5) 


Pin pm rr „i 

c i y — CZU — r eZ 


6V.V (3) 


pi i pm rr , x"» 
CZ 1 — CZU — r eZ 


6y. / (3) 


Pin pm i n/i 

c i y — czu — hizu 


126.0 


pi i pm oo A 
CZ 1 — CZU — hlZU 


1 t/: a 
126.0 


r pm inn 
r eZ — CZU — rlZU 


1 t/: a 
126.0 


/•->-> pi i pm 

CZZ — CZ 1 — czu 


1 a/: A 
106. V (5) 


pn pii rr , «"> 
CZZ — CZ 1 — r eZ 


6y.4 (3) 


pip, pi i T7a'> 

CZU — CZ 1 — r ez 


oy.u (3 j 


(^11 P91 T4?1 


1 7£ ^ 

1ZD.D 


r?0 C21 H21 


126.6 


Fe2— C21— H21 


126.6 


C18— C22— C21 


107.0 (6) 


C18— C22— Fe2 


69.5 (4) 


C21— C22— Fe2 


69.4 (3) 


C18— C22— H22 


126.5 


C21 — C22 — H22 


126.5 


r cz. v_/Z,z. — nzz 


126.2 


C23— 05— Cul 


117.1 (3) 


C23— 05— H50 


115(5) 


Cul— 05— H50 


125 (4) 


05— C23— H23A 


109.5 


05— C23— H23B 


109.5 


H23A— C23— H23B 


109.5 



sup-8 



supplementary materials 



PI PI TT~1 

C3 — C2 — rel 


ov.0 (3) 


p.c pti imp 
U5 — C23 — H23C 


1 nn c 
1U9.5 


P£ PI TT~1 

Co — C2 — rel 


71.1 (3) 


uii a imp 
H23A — C23 — H23C 


1U9.5 


pi pi tt~i 
CI — C2 — rel 


12U.6 (4) 


mir> pn imp 
ri23is — C23 — H23C 


1U9.5 


pi pi p/i 
C2 — C3 — C4 


10 /.9 (5) 


pn p./: 1 T/'/'i 
C24 — U6 — ri6U 


102 (5) 


pi P3 tt^i 
C2 — C3 — rel 


69. U (3) 


U6 — C24 — H24A 


1U9.5 


C4 C3 Fel 


70.9 (3) 


06 — C24 — H24B 


109.5 


C2— C3— H3 


126.1 


H24A— C24— H24B 


109.5 


C4— C3— H3 


126.1 


O6— C24— H24C 


109.5 


Fel— C3— H3 


125.7 


H24A— C24— H24C 


109.5 


C5— C4— C3 


107.6 (5) 


H24B— C24— H24C 


109.5 


C5— C4— Fel 


70.1 (3) 






04' — Cul — Ol — CI 


88.1 (4) 


C6— Fel— Cll— C10 


106.0 (4) 


02' — Cul — Ol — CI 


-0.8(13) 


C4— Fel— Cll— C10 


22(2) 


03— Cul— Ol— CI 


-81.8(4) 


C5— Fel— Cll— C10 


66.5 (5) 


05— Cul— Ol— CI 


-169.7 (4) 


Cul— 03— CI 2— 04 


-3.5 (7) 


Cul'— Cul— Ol— CI 


1.6(4) 


Cul— 03— C12— C13 


176.3 (3) 


Ol— Cul— 03— C12 


82.8 (4) 


Cul'— 04— C12— 03 


4.6 (7) 


04'— Cul— 03— C12 


-4.4(11) 


Cul'— 04— C12— C13 


-175.2 (3) 


02'— Cul— 03— C12 


-87.1 (4) 


03— C12— C13— C14 


-172.3 (5) 


05— Cul— 03— C12 


177.5 (4) 


04— C12— C13— C14 


7.6 (8) 


Cul'— Cul— 03— C12 


0.8 (4) 


03— C12— C13— C17 


6.3 (8) 


Cul— Ol— CI— 02 


-4.2 (8) 


04— C12— C13— C17 


-173.8(5) 


Cul— Ol— CI— C2 


173.5 (4) 


03— CI 2— CI 3— Fe2 


-82.4 (6) 


Cul' — 02 — CI — Ol 


4.5 (7) 


04— CI 2— CI 3— Fe2 


97.5 (5) 


Cul — Oz — CI — Cz 


-17"? ? (A\ 

LID./. J 


C 1 fS Fp? C 1 ^ C 1 A 

v. 1 u — r cz v. 1 j v. 1 1 


-79 9 (d\ 


U 1 — C 1 — Cz — C 3 


— 1 /S.5 (5) 


p^rt T7^T pu 

C2U — r e2 — C 1 i — C 1 4 


/IOC /"7\ 

48.5 (/) 


Uz — CI — Cz — C3 


-0.6 (9) 


pin 17 , pn p| j 

CIS — re2 — CI 3 — C14 


1 T} A /I \ 

Hi A (3) 


s\ 1 ni p-> p/: 

U 1 — C 1 — Cz — Co 


-4.9 (9) 


pin it ,~t p 1 1 p 1 /i 
C19 — re2 — CI 3 — C14 


01 n { A\ 

81.7 (4) 


<Jz — C 1 — Cz — Co 


1 /3.0 (5) 


PIT C . ,~t P 1 1 P 1 A 

Cl / — re2 — C13 — C14 


1 1 H ") ( Z\ 
-11 1.1 [J) 


Ol — C 1 — Cz — r e 1 


—92.1 (6) 


pic i~ , ,~i pn pi 1 
C15 — re2 — C13 — C14 


3 0. 0 (3) 


Uz — C 1 — Cz — r e 1 


85.8 (6) 


pil TT„T PIT P 1 A 

C21 — re2 — C13 — C14 


— lol.o (/) 


pn TT„1 m pi 

Co — r e 1 — Cz — C3 


66.4 (5) 


pt> i~ ,,-t pn p 1 /i 
C22 — r e2 — C 1 i — C 1 4 


loj.l (3) 


nn C1 pi /~iq 

CV — r e 1 — Cz — C3 


40 (2) 


pu c p 1 1 p 1 -7 
C 1 6 — r e2 — C 1 i — C 1 / 


3 /.4 (4) 


pi 1 r\ x 1 pi pq 
CI 1 — rel — Cz — C3 


\ AH 1 (1\ 

14/. 3 (3) 


pm tt~t pn p 1 "7 
C2U — r e2 — C 1 i — C 1 / 


lOD. / p) 


P7 T7 a 1 P 1 ") PI 

C / — r e 1 — Cz — C 3 


1U4.0 (4) 


piq Pai pn pn 

cis — re2 — ci3 — ci / 


1 1 Q 1 ( A\ 

— ny.3 (4) 


( T7 a i p 1 -) pi 

Co — r e 1 — Cz — C3 


IIOQ ( c\ 

— 1 lo.o (j J 


piq Pai pn pn 

ci9 — re2 — ci3 — ci / 


— lOl . 1 (3 J 


P/l TT„1 PO PQ 

C4 — r e 1 — Cz — C 3 


TO Pi p)\ 

-3o.U (3) 


p 1 A c.o pn P 1 "7 

C14 — re2 — C13 — Cl / 


1 1 /.z (j) 


PC TT„1 pi PQ 

CD — r e 1 — Cz — C 3 


0 1 .4 (4) 


PK T7rt1 P| 1 p 1 -7 

C 1 5 — r e2 — C 1 i — C 1 / 


oU.4 (4) 


pi A TT„1 PO PQ 

C1U — rel — Cz — C3 


1 HH Q f A\ 

— 1 I /.o (4) 


pil T7„T Pn P 1 "7 

C21 — re2 — C13 — Cl / 


A A (C\\ 

-44.0 \y) 


pi TT„1 PO P/T 

C3 — r e 1 — Cz — Co 


1100 
1 lo.o (j) 


pn i~ , ,i pn p 1 "7 
C22 — re2 — C13 — Cl / 


HH H / A\ 

-11.1 (4) 


PO I?,, 1 PO p/T 

Co — r e 1 — Cz — Co 


\H A H f A\ 
-[ /4. / (4) 


pit 17 , ,~i pn pn 
C16 — re2 — C13 — C12 


1 CO A (C\ 

Ijo.U (0) 


pn T7^1 pi P/C 

C9 — r e 1 — C2 — Co 


158.7 (18) 


pon r~ ,.~i pn pi i 

C20 — r e2 — C 1 3 — C 1 2 


m h /'o^ 

-73.7 (8) 


Cll— Fel— C2— C6 


-93.9 (4) 


C18— Fe2— C13— C12 


1.3 (6) 


C7— Fel— C2— C6 


-136.6 (3) 


C19— Fe2— C13— C12 


-40.4 (6) 


C4— Fel— C2— C6 


80.8 (3) 


C14— Fe2— C13— C12 


-122.1 (6) 


C5— Fel— C2— C6 


37.5 (3) 


C17— Fe2— C13— C12 


120.6 (6) 


CIO— Fel— C2— C6 


-59.0 (5) 


C15— Fe2— C13— C12 


-159.0(6) 



sup-9 



supplementary materials 



P7 tt^i pi pi 
C3 — r e 1 — Cz — C 1 


— lzl.3 (o) 


PH FT x -> P 1 Q pn 

Cz 1 — r ez — C 1 3 — C 1 z 


7/C A /A\ 

/o.u (y) 


Co — r e 1 — Cz — C 1 


C/1 A //C\ 

— D4.y (o) 


Pll T7„T P 1 Q PI1 

Czz — r ez — C 1 3 — C 1 Z 


A O A //C\ 

4z.y (o) 


nn TT„1 n PI 

Cv — r e 1 — Cz — C 1 


-81 (2) 


P17 PI 1 P 1 /I P1C 

Cl / — C13 — C14 — C1D 


1 A //C\ 

-1.0 (6) 


CI 1 — rel — Cz — CI 


O/C A /C\ 

Zo.U p) 


pn piq p 1 /i pi c 
C 1 Z — C 1 3 — C 1 4 — C 1 D 


1 77 O /C\ 

1 / /.o (D) 


p*7 tt^i n pi 
C / — r e 1 — Cz — C 1 


1 /C 7 /C\ 

-16.7 (5) 


FT x ~> P1Q PI/1 P1C 

r ez — C 1 3 — C 1 4 — C 1 D 


CA 7 //1\ 

Dy.3 (4) 


p/c fai n pi 
Co — r e 1 — CZ^ — C 1 


1 1 A A ^/C\ 

i iy.y (o ) 


P17 P11 p 1 /] C,,") 

C 1 / — C 1 3 — C 1 4 — r ez 


/CA 0 /'/1\ 

— oU.3 (4) 


p/i ci n pi 
C4 — r e 1 — Cz — C 1 


1 C A 7 /C\ 

-iDy.3 {j) 


pn pn pi /i ft x ~> 
C 1 Z — C 1 3 — C 1 4 — r ez 


1 1 o c /c\ 
llo.D (D) 


PC T7 a 1 PO PI 

C J — r el — Cz — C 1 


1 ^7 1 / C\ 

ID / .3 p) 


p i q r a 7 pi a pic 
C 1 3 — r ez — C 1 4 — C 1 D 


1 OA A / C\ 

— 1ZU.U (D J 


pi A T7 „ 1 pi pi 

C1U — rel — Cz — CI 


/CA A //C\ 

ou.y (o) 


pu r p 1 a p 1 c 

C 1 o — r ez — C 1 4 — C 1 D 


7 /C A //I \ 

— 3o.y (4) 


{ • A PI PI P A 

Co — Cz — C3 — C4 


A A //C\ 

-U.4 (o) 


P1A T7^.1 P 1 A PI C 

CzU — r ez — C 1 4 — C 1 D 


OA C ( A\ 

oU.o (4) 


pi PI PQ p /I 

C 1 — Cz — C3 — C4 


1 "7/1 1 /C\ 

1 /4.1 (D) 


p 1 o r , x ~> p 1 /i pic 
C 1 o — r ez — C 1 4 — C 1 D 


1 /C7 O //1\ 

lo3.o (4) 


T7,, 1 PO PQ p /] 

rel — Cz — C 3 — C4 


/CA C //lA 

oU.D (4) 


P1A r , «"> pi /i pic 

C 1 y — r ez — C 1 4 — C 1 D 


1 07 A (A \ 

1Z3.U (4) 


s • a po pi r,i i 
Co — Cz — Co — r e 1 


/CA A //1\ 

— ou.y (4) 


P17 r , «~> pi /i pic 
C 1 / — r ez — C 1 4 — C 1 D 


OA H ( A\ 

— oU. / (4) 


pi PO PQ T7 „ 1 

C 1 — Cz — C3 — r e 1 


113.0 (o) 


PU p 1 A P1C 

Cz 1 — r ez — C 1 4 — C 1 D 


/ICO /7\ 

45.2 (7) 


PQ C~1 PQ PO 

Co — r e 1 — C 3 — Cz 


ii/i /i //i \ 
— 134.4 (4) 


PTT T7^.T P1 /I PI C 

Czz — r ez — C 1 4 — C 1 D 


1 /C 1 C /7\ 

— lol.D (/) 


PA 17^1 PQ p-> 

CV — r e 1 — C3 — Cz 


1 77 C f A \ 

-1 /3.D (4) 


pu r p 1 /i piq 
C 1 o — r ez — C 1 4 — C 1 3 


07 1 //1\ 

o3.1 (4) 


P 1 1 C, 1 PQ pi 

CI 1 — rel — C3 — Cz 


rn i /c\ 

-Dy.i pj 


PlA r , X "V pi A pi Q 

CzU — r ez — C 1 4 — C 1 3 


1 ca /i n\ 
— lDy.4 (3) 


p-7 T7„1 PQ PO 

C / — r e 1 — C3 — Cz 


A1 O fA\ 

-yi.o (4) 


P 1 o r,,"i p i /i p i q 

C 1 o — r ez — C 14 — C 1 3 


7/C O //1\ 

-/o.Z (4) 


P/C 17^1 PQ PI 

Co — r e 1 — C3 — Cz 


7 0 1 f1\ 

38.1 (3) 


Pin T7^.T P 1 /I PI 1 

C 1 y — r ez — C 1 4 — C 1 3 


inn //i\ 
-11 / .U (4) 


P/1 CI PQ PO 

C4 — r e 1 — C3 — Cz 


lip O /C\ 

llo.o {J) 


P 1 7 p 1 A P n 

C 1 / — r ez — C 1 4 — C 1 3 


7 A 7 (1 \ 

3y.3 (3) 


PC T7a1 PQ PO 

CD — r e 1 — C3 — Cz 


Ol £ ( A \ 

ol .0 (4 J 


PI c T7aT p 1 a pi i 

C 1 D — r ez — C 1 4 — C 1 3 


1 OA A /'CA 

izu.u p J 


P1A 17^1 PQ pi 

C1U — rel — C3 — Cz 


ni i / 1 o\ 
1/1.1 ( 1 o) 


pu rr p 1 /i piq 
Cz 1 — r ez — C 1 4 — C 1 3 


1 /CC o /c\ 

loD.Z (D) 


PT T7 a 1 PQ P/1 

Cz — r e 1 — C3 — C4 


1 1 Q Q / C\ 

— 1 lo.o [p ) 


POO T^aO p 1 /I P11 

CzZ — r ez — C 1 4 — C 1 o 


/l 1 C /OA 

— 41.D {y) 


PO 17^1 PQ P/1 

Co — r e 1 — Co — C4 


1 A£ O f A \ 

lUo.o (4) 


PIQ P 1 /I P1C PU 

C 1 3 — C 1 4 — C 1 D — C 1 0 


A O //C\ 

0.2 (6) 


pn T7.-.1 PQ P/1 

Cy — r e 1 — C 3 — C4 


0/. / (D) 


r , x ~> pi /i pic pi ^ 
r ez — C 1 4 — C 1 D — C 1 o 


CO A (A \ 

Do.y (4) 


P 1 1 C, 1 PQ P/1 

Cl 1 — rel — C3 — C4 


1 77 O (A \ 
— \ 1 /.O (4) 


pn pn pic rr 

C 1 3 — C 1 4 — C 1 D — r ez 


CO 7 fA\ 

—Do. / (4) 


pa T7.-.1 PQ P/1 

C / — r e 1 — C3 — C4 


1 A A C /7 \ 

14y.D (3) 


pn r , «■> pic pi ^ 
C 1 3 — r ez — C 1 D — C 1 o 


OO C //1\ 

— oz.D (4) 


{ • A T7„1 PQ P/1 

Co — r e 1 — C3 — C4 


OA *7 (1\ 

— oU. / (3) 


POA r , «"> pi r pi ^ 

CzU — r ez — C 1 D — C 1 0 


1 OO C (A \ 

1ZZ.D (4) 


PC I?,, 1 PQ P/1 

CD — rel — C3 — C4 


-3 / .Z (3) 


Pio r , «"> pic pi £ 

C 1 o — r ez — C 1 D — C 1 o 


1 CA C {H\ 

-lo4.o (/) 


P1A 17^1 PQ P/1 

C 1 U — r e 1 — C3 — C4 


52 (2) 


P 1 A T7^.T P 1 C P 1 Z 

C 1 y — r ez — C 1 D — C 1 o 


1 Cl A /7\ 

lo3.y (3) 


pi PQ p/1 PC 

Cz — C 3 — C4 — C J 


A 1 (H\ 

-0.1 (7) 


pi /i rr , x -> pic pi £ 
C 1 4 — r ez — C 1 D — C 1 o 


1 OA 1 /C\ 

-IzU.l (D) 


17^1 PQ P/1 PC 

rel — C3 — C4 — CD 


CA 1 ( A\ 

Dy.i (4) 


P17 r , «"> pic pi £ 
C 1 / — r ez — C 1 D — C 1 0 


7 7 7 /7\ 

—3 /. / (3) 


PI PQ p/1 T7„1 

Cz — C3 — C4 — r e 1 


CA Q //I \ 

~Dy.3 (4) 


PU 17-t.T P 1 C PU 

Cz 1 — r ez — C 1 D — C 1 o 


7A O 

/y.z (4) 


PI T7„1 P/1 PC 

Cz — r e 1 — C4 — CD 


Ol T /Q\ 

-ol.Z (3) 


Pll T7^.T P 1 C PU 

Czz — r ez — C 1 D — C 1 o 


A A C /0\ 

44. D (o) 


PI T7,t 1 P/1 PC 

C3 — r e 1 — C4 — C D 


nnc / a\ 
— liy.D (4) 


piq rr x -> p 1 c p 1 /i 

C 1 3 — r ez — C 1 D — C 1 4 


7 7 /C /7 \ 

3 /.o (3) 


PC T7,t 1 P/1 PC 

Co — r e 1 — C4 — CD 


1 C A A /"I \ 

IDU.y (3) 


pu r , x "> pic pi /i 

Clo — r ez — C1D — C14 


1 OA 1 /C\ 

IzU.l (D) 


PQ T7 a 1 P/1 PC 

cy — r e 1 — C4 — CD 


lUo.D (4J 


p^A T7a0 P 1 c P1/1 

CzU — r ez — C 1 D — C 1 4 


117 C / /I A 

— 11 /.D (4 j 


P| 1 T7 a 1 P/1 pc 

Cl 1 — rel — C4 — CD 


/I A /''■)\ 

49 (2) 


pi 0 T7a0 PK PI /I 

C 1 o — r ez — C 1 D — C 1 4 


AA C /A\ 

— 44. D (yj 


p-7 T7„1 P/1 PC 

C / — r e 1 — C4 — CD 


1 77 dZ /A \ 
-1 /3.0 (4) 


P 1 A T7^.T P 1 C P 1 /I 

Ciy — r ez — C1D — C14 


7/C 1 //1\ 

— /o.l (4) 


{ • A T7„1 P/1 PC 

Co — r e 1 — C4 — CD 


— 3o.y (3) 


P17 r , «"> pic pi /i 

Cl / — rez — C1D — C14 


OO /I //1\ 

oz.4 (4) 


pi n T7„1 P/1 PC 

C1U — rel — C4 — CD 


/CA 1 //1\ 

oy.i (4) 


pu rr,,^» p 1 c p 1 /i 
Cz 1 — r ez — C 1 D — C 1 4 


1 /CA 7 /7\ 

-loU. / (3) 


PI T7.-.1 P/1 PQ 

Cz — r e 1 — C4 — C 3 


TO Q /Q\ 

3o.3 (3) 


POO r , «"> pi r p 1 /i 

Czz — r ez — C 1 D — C 1 4 


1 /C/1 /C //C\ 

lo4.0 (0) 


PO T7,t 1 P/1 PQ 

Co — r e 1 — C4 — C3 


OA 7 //1\ 

— oy. / (4) 


PI /| P1C PU P17 

C14 — C1D — Clo — Cl / 


A 7 /7\ 

0.7 (7) 


PA T7^1 P/1 PQ 

C9 — r e 1 — C4 — C3 


1 7 /i a /q ^ 

-134.0 (3) 


T"" . ~> pi r P1/C P17 

Fe2 — C15 — C16 — C17 


59.6 (4) 


Cll— Fel— C4— C3 


169 (2) 


C14— C15— C16— Fe2 


-59.0 (4) 


C7— Fel— C4— C3 


-54.1 (5) 


C13— Fe2— C16— C15 


81.2(4) 


C6— Fel— C4— C3 


82.5 (3) 


C20— Fe2— C16— C15 


-76.3 (4) 


C5— Fel— C4— C3 


119.5 (4) 


C18— Fe2— C16— C15 


166.8 (6) 


CIO— Fel— C4— C3 


-171.4 (4) 


C19— Fe2— C16— C15 


-43.7 (9) 



sup-10 



supplementary materials 



PI f^A PC C<£L 

C 3 — C4 — C D — Co 


Pi /i t"7\ 

0.6 (7) 


C 14 — r e2 — C 1 6 — C 1 3 


i o n (a \ 
3 1.0 (4) 


c 1 P/i / • c ( 
rel — C4 — CD — Co 


CO C //1\ 

JO.J (4) 


C 1 / — r e2 — C 1 6 — C 1 5 


1 1 n a sc\ 
liy.4 (J) 


pi r^A ( ' < ci 
C3 — C4 — CD — r e 1 


CO fl //1\ 

—j/.y (4) 


C21 — re2 — C16 — CI 5 


1 1 O C f A\ 

— llo.o (4) 


PO "C-,1 PC P/1 

Cz — r e 1 — C j — C4 


OO A 

OZ.4 (3) 


m i- ,,-t p i /; pi c 
Czz — r e2 — C 1 6 — C 1 5 


1 /i 1 1 (A \ 

— l0l.3 (4) 


p -j 1 p/i 

C3 — r e 1 — CD — C4 


i o n /"]\ 
3 /.V (3) 


pii TT^T pi/ pn 

C 1 3 — r e2 — C 1 6 — C 1 / 


1 0 0 (1 \ 

-3o.Z (3) 


Co — r e 1 — C J — C4 


CO C //i\ 

— JZ.J (o) 


P'i/i i~ , ,~t p 1 /; p i -7 

C20 — r e2 — C 1 6 — C 1 / 


1 /i/1 O /"3\ 

104.3 (3) 


( \\ T7 a 1 PC P/1 

CV — r e 1 — C J — C4 


QP| /T 

— yu.o (4 j 


pi o T7 a '> pi /: pn 
C 1 s — r ez — C 1 6 — 1_ 1 / 


4/ .4 (0 ) 


pi 1 TT a 1 PC P/1 

CI 1 — rel — CD — C4 


_ 1 /3.Z (3 J 


pin T7 a '> pi£ pn 

ciy — rez — cio — ci / 


— 103. Z (0 ) 


pa I?,, 1 PC P/1 

C/ — rel — CD — C4 


1 /I c /o\ 

145 (2) 


P 1 /I CO PU P 1 "7 

C 14 — r e2 — C 1 6 — C 1 / 


OO A / A\ 

—OZ.4 (4) 


p/: 1 PC P/1 

Co — rel — Cj — C4 


1 OA C /C\ 

IzU.j (p) 


pir i~ ,,1 p 1 /r p 1 -7 

C 1 5 — t el — C 1 6 — C 1 / 


1 1 n a /c\ 
— liy.4 (J) 


pin TT„1 PC P/1 

C1U — rel — CD — C4 


— 133. / (3) 


PTI TT„T PI/ P 1 "7 

C21 — re2 — C16 — CI / 


1 00 n (a \ 
1ZZ.U (4) 


PI I?,, 1 PC ( " 

Cz — r e 1 — CD — Co 


— 3o.l (3) 


P^>^> c o pi/; p 1 "7 
Czz — r e2 — C 1 6 — C 1 / 


on i ( a\ 
/y.3 (4) 


PI T7,t 1 PC P/i 

C3 — r e 1 — CD — Co 


OO /i 

-oz.o (3) 


pic pi/ pn pn 
C15 — C16 — CI / — C1J 


1 1 //i\ 

-1.3 (6) 


PO tt,t 1 PC P/i 

Co — r e 1 — C j — Co 


1 11 f\ f A \ 

— [ /3.U (4) 


i~ , ,~t pi/r pn pn 
r e2 — C 1 6 — C 1 / — C 1 3 


CO O //I \ 

Jo. / (4) 


ppi T7„1 PC P/: 

cy — r e l — CD — Co 


1 /i o n 
14o.y (3) 


pic pi/ pn i-,,-t 
C 1 5 — C 1 6 — C 1 / — r e2 


cn n ( a\ 
— jy.y (4) 


P 1 1 IT . 1 PC P/i 

CI 1 — rel — CD — Co 


/i/i O //1\ 

00.3 (4) 


pi/1 pn pn pu 
C14 — Clj — CI / — C16 


1 /i //i\ 

1 .4 (6) 


p-7 TT„1 PC p/: 

C / — r e 1 — C j — Co 


O/l /o\ 

24 (2) 


pn pii pn pu 
C12 — C13 — CI / — C16 


1 OO c /c\ 

-177.5 (5) 


P/i C1 PC p/: 

C4 — r e 1 — CD — Co 


1 OPi c /c\ 
— IzU.J (J) 


i- ,,-t pn pn pu 
re2 — CI j — CI / — CI 6 


cn 1 //i\ 
— jy.l (4) 


pi A TT„1 PC P/i 

C1U — rel — Cj — Co 


1 PiC O (A \ 

lUJ.O (4) 


pn pn pn ir..~! 
C 1 4 — C 1 3 — C 1 / — r e2 


/in c //i\ 
0U.J (4) 


P/1 PC P/i PO 

C4 — Cj — Co — Cz 


Pi O (H\ 

-0.8 (7) 


pn pn pn ir.."i 
C 1 2 — C 1 3 — C 1 / — r e2 


1 1 O A /C\ 
— HO.4 (J) 


T7o1 P C P/i pi 

rel — CD — co — cz 


CO Q ( A\ 

j / .y (4j 


pn 17 Q i pn pir 
C 1 3 — r ez — C 1 / — C 1 0 


1 1 n 1 fz\ 
liy.3 [p) 


P/1 PC P/i T7„ 1 

C4 — CD — Co — r e 1 


CO O //1\ 

—JO. / (4) 


pin tt^t pn pu 
C20 — r e2 — C 1 / — C 1 6 


a 1 n /n\ 

— 43. u (y) 


PI ( P/T PC 

C J — Cz — CO — C j 


0.7 (6) 


pi o T7 a '> pn pi /: 
C 1 s — r ez — C 1 / — C 1 o 


1 /in n 
— 10U. / (,3J 


pi po P/i PC 

C 1 — Cz — Co — C j 


1 oo n /c\ 
-1 /3.y (J) 


pin co pn pu 
Cly — re2 — CI / — C16 


1 /iC /i //i\ 

IOj.O (0) 


T7„ 1 PO P/i PC 

rel — Cz — Co — Cj 


cn i //i\ 
— jy.3 (4) 


P 1 A C . ."! P 1 "7 PU 

C14 — re2 — CI / — C16 


on c //i\ 
oU.J (4) 


pi po pz; TT„1 

C 3 — Cz — Co — r e 1 


/iPi Pi fA \ 

oU.U (4) 


PIC PIT PU 

C 1 5 — r ez — C 1 / — C 1 6 


1 0 0 fi\ 

37.2 (3) 


pi PO P/i T?„ 1 

CI — Cz — Co — r e 1 


1 1 /I /i //i\ 

_ 1 14.0 (o) 


pn l~,,o p| i p|/ 

C21 — re2 — CI / — C16 


O/i O fA\ 

-lb. 1 (4) 


PO T7,t 1 P/i PC 

Cz — r e 1 — Co — C j 


11(1 1 /c\ 

ny.i (p) 


poo c ,,o pn pu 
Czz — re2 — CI / — C16 


1 1 n 1 / a \ 
— liy.l (4) 


PI T7,t 1 P/i PC 

C 3 — r e 1 — Co — C j 
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C20 — r e2 — C 1 / — C 1 3 
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C19— Fe2— C21— C22 


81.0(4) 
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Symmetry codes: (i) -x, -y+l, -z+1. 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

05— H50-06" 0.82 (6) 1.95 (6) 2.759 (6) 170 (7) 

06— H60 02 m 0.84 (4) 2.18 (5) 2.925 (6) 147 (7) 
Symmetry codes: (ii) -x+l, -y+l, -z+1; (iii) -x+1, -y, -z+1. 
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